Supersymmetric (SUSY) QCD corrections to the lightest neutral Higgs boson associated production with top quark pair are studied in the minimal supersymmetric standard model (MSSM) at Linear colliders. Our calculations show that the SUSY QCD effects generally are very moderate (say 10%) and under control, except for some rescattering effects which lead to a breakdown of perturbation theory and require a more detailed study. In the vicinity of the production threshold for the favorable model parameters under the framework of the on-shell renormalization scheme, SUSY QCD can be as large as about -50%. Such effects might be acted as the probe to determine the sign of M LR ≡ A t − µ/ tan β.
Introduction
One of the key issues of present high energy physics is to check whether the Higgs field(s) account for the mechanism of the mass generation. In the standard model (SM) of the high energy physics, only one physical Higgs boson exists after symmetry spontaneously broken, while five Higgs bosons in the minimal supersymmetric standard model (MSSM).
Until now, the precise high energy experiments have tested the gauge bosons self interactions and the gauge bosons interactions with fermions (except top sector) of the SM with very good accuracy, while the Higgs sector is totally untouched [1] . In the SM and MSSM, the couplings among Higgs bosons and top quarks play a very unique role because which are not suppressed by mq m W . Very likely, these couplings are firstly detected at experiments. Besides the aspect of the study on the properties of the Higgs bosons, there is another strong motivation to examine the H − t −t coupling: searching new physics beyond the SM. It is commonly thought that new physics might appear in the top sector for its huge mass. Supersymmetric (SUSY) QCD interactions by exchanging gluinos and squarks might impact greatly on the Higgs-top quarks vertexes. If the Higgs bosons are heavy enough, the SUSY QCD effects can be studied in the decay channel H → tt (H is general notation for Higgs boson) [2] . Otherwise, production channels offer alternative methods and should be carefully examined. At hadron colliders, Higgs boson can be associated production with top quark pair through gg and/orsub-processes [3] . Besides hadron colliders, as a supplementary machine, the linear colliders (LC) will provide ideal place 1 to study such effects. Even in the seventies, the process e + e − → Htt in the SM at LC has been proposed, which can be used as finding Higgs boson and measuring the couplings of g Htt [4] . The calculations of the important QCD effects for the process are not accomplished until the end of the last century [5] . In the MSSM, the neutral Higgs boson associated production with top quark pair at LC including the QCD effect are available soon after [6] . However, the SUSY QCD effects on the process e + e − → ttH are not touched, which is the subject of this paper. In this paper, we focus on the lightest neutral Higgs boson h 0 associated production with top quark pair in the MSSM.
Basics and technical set-ups
The diagrams including the SUSY QCD corrections are shown in Fig.1-3 .
These diagrams and Feynman amplitudes are generated by FeynArts [7] . Fig. 1 and 2 are the Feynman diagrams at tree and one-loop level, respectively. In Fig. 3 , we draw the diagrams containing counter-terms. In this paper, we renormalize the quark wave function and mass in the on-shell (OS) renormaliztion scheme. Therefore in Fig. 3 , we do not show the diagrams with counter-terms at external legs because in the OS renormaliztion scheme, such kind of diagrams are completely eliminated by the corresponding virtual diagrams.
The analytical results for Feynman amplitudes and phase space integrations are tedious but easily obtained through standard procedure, which are useless to almost all readers. Therefore, we decide to omit the explicit analyt-ical results here 2 . For the calculations of the amplitudes and the Monte Carlo phase space integrations, we rely heavily on the popular packages FormCalc and LoopTools [8] 3 . Before we shift to numerical discussions, it should be emphasized that the entire calculations and the cancellation of ultraviolet divergences have been checked carefully.
Numerical discussions and summary
In the MSSM, there are dozens of parameters and experiments constrains, for examples ∆ρ and direct mass limits for gluino, squarks and Higgs bosons.
We rely on the built-in programs of FormCalc to calculate the SUSY particles mass spectrum (we use two-loop results for Higgs mass calculations)
and SUSY parameters as well as set constraints on known limits from experiments. Specifically, we set ∆ρ < 3 × 10 −3
(1)
For simplicity we have assumed the SUSY parameters
As for the first attempt, we would like to see the SUSY QCD effects for the non-mixing case, i.e. the non-diagonal matrix elements M LR ≡ A t − 2 Programs are available on request.
3 A technical detail, LoopTools is not applicable for some D 0 with certain parameters that all (m
, details of the definition and convention for D 0 can be found in manual of LoopTools or in Ref [9] . For this exceptional case, the new program has been added according to Ref [9] . µ/ tan β for stop mass matrix are zero. Our numerical results show that the SUSY QCD effects are small for such case, and the relative corrections δ = (σ N LO − σ LO )/σ LO are at most about two percents, which are hard to detect at experiments. In the following we will focus on the mixing case.
After scanning the whole parameters space, in order to demonstrate the numerical results, in Fig. 4-6 Similar to the SM QCD effects, the large corrections occur in the vicinity of the production threshold (Fig. 5) , where the cross sections become small.
Furthermore, from Fig. 6 , it is obviously that the corrections are at the peak around mg = 190 ∼ 200 GeV, where the re-scattering enhancement
In As mentioned above, condition (1) prevents the cancellation between stops, and makes one stop mass light which is essential for large SUSY QCD effects, especially in the threshold regions. Conditions (2) and (3) 
